One of the primary assumptions in many project portfolio selection is the availability of all parameters. However, in real-world cases, many parameters are under uncertainty and the exact values are unknown in advance. This paper presents a scenario based mathematical model for project portfolio selection when parameters are under uncertainty. The problem considers two objective functions where the first one maximizes the net present value while the second objective function is the minimization of the positive deviations from the allocation of resources. The second objective function is looking for project resource leveling. The resulted model is formulated as mixed integer programming and the problem is analyzed under different conditions.
Introduction
Selecting the right portfolio often helps minimization of relevant costs, which could lead to better profitability and this has been used in many areas such as research and development (R&D) (Abbassi et al., 2014) , information technology software development (Bardhan et al., 2010; Chiang & Nunez, 2013; Rahmani et al., 2012; Müller et al., 2015) , etc. Portfolio selection is one of the most important problems which human, companies and organizations are in dealing with (Hai-xiang & Zhong-fei, 2009; Golmohammadi & Pajoutan, 2011) . Davoudpour et al. (2012) presented the results of developing a mathematical model for renewable technology portfolio selection at an oil industry R&D center by maximizing support of the organization's strategy and values by balancing the cost/benefit of the entire portfolio. Ghorbani and Rabbani (2009) proposed a multi-objective algorithm for project selection problem by considering two objective functions to maximize total expected benefit of selected projects and minimize the summation of the absolute variation of devoted resource between each successive time periods. They also presented a meta-heuristic multi-objective to determine diverse locally nondominated solutions. The proposed algorithm was then compared with a well-known genetic algorithm, i.e. NSGA-II. Golmakani and Fazel (2011) considered constrained portfolio selection using particle swarm optimization. Liesiö et al. (2008) presented a robust portfolio modeling with incomplete cost information and project interdependencies. Solak et al. (2010) investigated optimization of R&D project portfolios under endogenous uncertainty.
Many project portfolio selection problems are dealt with uncertain parameters and we need to use different techniques such as robust optimization to handle uncertainty with input parameters (Huang & Qiao, 2012) . Vilkkumaa et al. (2014) presented optimal strategies for selecting project portfolios using uncertain value estimates. Hassanzadeh et al. (2014) , for instance, used robust optimization for interactive multi-objective programming with imprecise information and as a case study they applied their method to R&D project portfolio selection. Some people believe that successful project portfolio management is beyond project selection techniques and we need to understand the role of structural alignment (Kloppenborg, 2014; Kaiser et al., 2015) .
Some people believe the process of portfolio management must be integrated with details of task accomplishment (Laslo, 2010) . Lopes and de Almeida (2015) presented an assessment of synergies for choosing a project portfolio in the petroleum industry based on a multi-attribute utility function. Patanakul (2015) defined key attributes of effectiveness in managing project portfolio including strategic alignment, adaptability to internal as well as external changes and the expected value of the portfolio. Many project portfolio selections are formulated as mixed integer programming and we need to use metaheuristics to find the near optimal solution for them (vom Brocke & Lippe, 2015) . Rabbani et al. (2010) , for instance, presented a multi-objective particle swarm optimization for project selection problem.
The proposed method
In this section, we present details of the mathematical model for the proposed study. This paper presents a scenario based mathematical model for project portfolio selection when parameters are under uncertainty. The problem considers two objective functions where the first one maximizes the net present value while the second objective function is the minimization of the positive deviations from the allocation of resources. The second objective function is looking for project resource leveling. 
The first objective function given in Eq. (1) represents the maximization of total net present value while the second objective function, Eq. (2), is the minimization of the positive deviations from the allocation of resources. In fact, the second objective function is looking for project resource leveling. Eq. (3) states that each project has to be executed once. Eq. (4) specifies that each project has be finished based on scheduled time. Eq. (5) demonstrates any possible inconsistency for occurrence of each project. Eq. (6) shows the amount of budget, which must be used at most. Eq. (7) shows the prerequisite relationships between some of the projects. Eqs. 
Eq. (13) helps us convert the problem statement into linear form and we may use a mixed integer programming technique to solve this problem. In addition, to solve the resulted multi objective decision making problem, we use ε-constraint technique (Mavrotas, 2009 ).
Results and implementation
In order to examine the performance of the proposed study, we have used two examples, one in small size and the other in large size.
Example one
Consider a company that wishes to arrange the best project portfolio for the next ten years with 1 million dollar budget. There are five projects and project 1 and 3 cannot be executed together and interest rate is 22%. Moreover, there are three scenarios of optimistic, normal and pessimistic with the possibilities of 30, 50 and 20 percent, respectively. Table 1 and Table 2 present other necessary information. Using the information of Table 1 and Table 2 we have solved the mixed integer programming problem.
The final results indicate that we should execute only project 2 first and then complete project 5. The objective functions are Z1=22087.274 and Z2=2.
Example 2
Now consider the same firm with 15 years of planning and 10 million dollars budget. The pairs of the inconsistent projects i-j include 1-3, 1-9, 5-7, 8-9 and 12-13 . Moreover, complete execution of the first project is necessary for 9, 3 for 7, 5 for 10 and 9 for 13. Other conditions are the same Example 1. Table  3 and Table 4 present the summary of resources needed. Again, we have solved the resulted problem using a mixed integer programming solver and the results were Z1=32743.778 and Z2 = 1. We need to first completely execute the third project, then project 5 followed by project 14. The preliminary results indicate that we may increase profitability by considering different scenarios instead of one single scenario. In this model, different scenarios have been considered for income and expenses and the proposed model has considered all possible scenarios in an integrated model. We believe an integrated model may reduce the expenses, which could eventually reduce the risk of possible loss.
Conclusion
In this paper, we have presented a new mathematical model for project portfolio selection by considering different scenarios. The proposed study of this paper has been formulated as a multi objective decision making problem with one nonlinear function. The resulted model has been linearized and using ε-constraint technique, the proposed model has been solved for some numerical instances.
The preliminary results indicate that we may increase profitability by considering different scenarios instead of one single scenario.
